Abstract: Fire accidents of buses, especially those ones often close the windows for equipped with air conditioner, have brought great threats on passengers' lives and properties. It is important to make prepare for the fire emergency accidents. Because the fire accident of bus is very dangerous, and the virtual simulation is used to analyze the bus firing process instead of real tests so as to learn how to response to the emergency disaster in safety. The software named FDS is used to simulate the process of the bus-firing accident, which a running bus catch fire. Firstly, the whole simulation framework is built to guide the model process of the bus fire accident. Then, the height of smog layer, distributions of indoor temperature and carbon monoxide concentration from the bus firing accidents are analyzed by simulation way. The results of the simulation of the bus fire accidents show that the different distributions law of the fire factors in the fire accidents inside the carriage, and it is important to provide better reference to prepare for the fire emergency disaster.
Introduction
In recent years, with the rapid development of urbanization, the problem of urban public transport safety has become increasingly prominent, so that citizens' lives and property rights are facing serious threats, especially the bus fire or arson and other emergencies to bring public safety issues become the focus of attention.
And therefore, in recent years, many researches were carried out in China and other countries. On the one hand, in China, Jia-lei Tan, Long-zhe Jin, Tong Wang, Bin Hu [1] , modeled a bus by FDS software and simulated three different situations about the roof decoration materials, the switch state of the windows and doors, whether or not equipped with water mist extinguishing system. Then they discussed the safety of passengers by analyzing the temperature of the slice Z=1. In addition, the study found that the bus passengers smoke concentration with water mist system was much lower than that without water mist system. Yue Gao [2] from Anhui University Of Science and Technology, considering the cost of the experiment, analyzed the smoke movement of the bus compartment with the help of the fire model numerical simulation, and studied the influence of the fire location, speed, door opening and closing, air conditioning system. In 2015, Quan-sheng Kang [3] and his teams used the method of the numerical simulation of a bus fire to explore the influence on the door switch statement on the fire development and passages evacuation.
On the other hand, at abroad, A. Sojoudi, H. Afshin [4] etc used large eddy simulation to carry out numerical experiment to study the heat and toxic gases released when the bus fire happened at the tunnel. It was found that the vertical profile gradient of CO concentration and flue gas temperature decreased with the increase of longitudinal ventilation. In 2013, SR, Kale [5] etc, built a model of a small bus combustion, and studied the characters on fire smoke spreading out with good ventilation. And therefore, as for the analysis on the bus fire accident, it is popular to analyze the process by means of numerical simulation. In fact, it is dangerous and expensive to test on bus firing experiments, but we have to do such test because we requires a lot of experimental data. Considering that computer simulation technology is safe and economical, the fire simulation software is used to carry out research, so the mechanism of bus fire accident is explored further.
Steps of the Modeling and Simulation
The modeling and simulation framework on bus fire accident is done as follows :   T  h  e  d  i  T  h  e  d  i  T  h  e  d  i  T  h  e  d  i  m  e  n  s  i  o  n  s  o  f  t  h  e  b  u  s  m  e  n  s  i  o  n  s  o  f  t  h  e  b  u  s  m  e  n  s  i  o  n  s  o  f  t  h  e  b  u  s  m  e  n  s  i  o  n  s  o  f  t  h  e  b  u The overall framework of modeling and simulation as shown above, is divided into three parts. The first step is to establish the simulation model, through measuring the physical size of the bus, collecting the internal material information and establishing the bus simulation model with the help of Pyrosim. The second step is to establish the simulation scheme, and the scheme is worked out depending on different fire locations and the ventilation. The third step of the simulation, is mainly to record and analyze the result of the flame spread, the result of the smoke spread, temperature distribution, and CO concentration changes.
Establishment of the Bus Model Based on Pyrosim Software

FDS Simulation Software
The FDS simulation software has important applications in the field of simulated combustion and flue gas movement and flame propagation during fire. FDS is a computational fluid dynamics software developed by the National Institute of Standards and Technology [6] . In this article, the 
②Momentum conservation equation: The rate of change of the momentum of the fluid in the micro-element is equal to the sum of the forces acting on the micro-element.
The micro unit energy increasing rate is equal to the net heat into the micro unit plus the work done with physical surface forces of micro cell.
Where ρ is the mass quality, u j is the velocity of the net mass outflow, u i is the velocity of the net mass flowing, x j is the length of the net mass outflow, x i is the length of the net mass flowing, P is the pressure, f i is the fluid resistance, ij τ is other external forces, h is the net's height, and Φ is the flux.
Create a Bus Model with Pyrosim Software
The bus model is created based on the size of an actual bus (12 * 2.6 * 3.3) which is found online. There are 11 seats in the front (including driver's seat), while 25 seats are in the back. On the left there are seven windows and two doors; on the right side there are nine windows. Meanwhile, all the windows (except the front and rear windows) can be opened and closed.
When modeling, the internal physical model of the car is simplified as follows： (1)Ignore external dimensions. Since the subject is concerned on the bus temperature and the distribution of smoke field during fire, the external size of the impact on the bus is ignored.
(2)Ignore the impact of small parts inside the car. Since some parts inside the bus, such as the pole, handrails, television, have small impact on the internal gas flow and make the process of the modeling more complex, they can be ignored.
(3)Assume that the main structure of the body consists of incombustible materials. The body structure is made of metal material, while most of the metal's ignition is higher than the melting point, and most metal cannot burn in the air.
(4)Ignore the influence of people inside the car. After the above simplification, the model is established as follows: 
The Results of the Numerical Simulation The Statistics of the Simulation
At first, the fire source is located in the front of the bus（XB=-1.0,-0.9,3.9,4.0, 1.35,1.35）while the heat release rate per unit area is set to 20000KW / m 2 , the ignition area is 0.01m 2 and the fire power is 200KW. In this case, the situation of fire in the front of the bus is simulated.
The two doors are set closed at the beginning. It is assumed that the driver notices the fire and opens the doors 30 seconds after the fire starts. At the same time, all the windows, except the one near the seat of driver, are closed initially. What's more, the windows on both sides of the bus are set to be open when the simulation time is 100 seconds. Set the time when the fire begins as the start of the simulation. The total simulation time is set to 800s and the calculation period is approximately 11 hours. The statistic about the fire and smoke spread, the temperature distribution, the CO concentration distribution is mainly recorded. The pictures of the simulation process are as follows: 
Analysis of the Results
The bus's doors and windows were closed at the beginning of the fire, and the fire was mainly controlled by fuel before 100s. With sufficient oxygen, fire developed rapidly and produced a lot of smoke. When the windows were open at 100s, the fire did not spread quickly, but the burning smoke was too much so that the whole bus was covered with smoke, and visibility was poor. 200s to 400s, flame and smoke quickly filled with the front of the bus, and visibility is very poor. 400s to 500s, the flame and smoke had spread to the rear of the car; 700s to 800s, the whole bus had been filled with the flame and smoke. Before 100s, only a small area which is near the front of the fire source location, its temperature exceeded the critical temperature. 200s to 300s, with the spread of fire, the region in front of the bus and a little middle area's temperature exceeded the critical temperature. 300s to 400s, the middle and the front area of the carriage had exceeded the critical temperature; 600s to 800s, the great majority of the bus had reached or even exceeded the critical temperature, and most of the rear's temperature exceeded 900 degrees. The whole carriage's temperature was high.
Initially, only at the area near the fire source, the observation point's potency is high. As the fire spread, at 200s, the concentration of CO in the middle of the bus also began rising rapidly. The initial concentration of CO in the rear was low, but at about 600s, with the spread of fire, the concentration of CO increased rapidly, and owing to the poor ventilation and the consistent spread, the concentration of CO rapidly rise to a relatively high level. The distance between front door and door observation was relatively close, and this observation had good ventilation, so the fire spread there slowly. In addition, compared with the interior concentration, the concentration of CO at the door was at a low level.
Summary
The following conclusions can be drawn from the simulation analysis: (1)At the beginning of the fire, due to the much combustibles, flames will grow rapidly. After opening the doors and windows, a large influx of fresh air will also accelerate the fire spread process.
(2)It can be found that the main cause of casualties is high temperature and some toxic gases such as CO. When the fire is small, the toxic flue gas has spread rapidly throughout the bus compartment. After opening the doors and windows, the increasing rate of the concentration of carbon monoxide decreases, but still remains at a high level, making the people inside the bus easy to be suffocated and difficult to escape. In the first 100s of the fire, the maximum temperature within the compartment is about 700 degrees, and the high-temperature region is still small. When the doors and windows are open, the maximum temperature comes to 900 degrees or more.
(3)The spread of the bus fire is fast and dangerous. According to the simulation results, it can be found that in the first 200s of the bus fire, CO and other toxic gases' concentration are at a low level, the flame spread and high temperature areas are also concentrated in the closed distance to the fire source location. This time should be the golden age for passengers to escape. The passengers should remain calm and not crowded, according to the fire department publicity emergency approach to find the nearest way, orderly evacuation from the bus.
(4)The actual bus experiment method in the fire investigation costs effective and the efficiency is low, while the computer simulation has the advantages of low cost, high efficiency and repeat-ability. It is an effective method for the future fire investigation. Computer simulation can provide information such as fire growth and spread, flue gas generation and movement, which is necessary to investigate the cause of fire and protect people's life and property. The research results also provide reference for fire emergency decision of fire department.
